3-dimensional (3D) and multi-component seismic are being investigated for identification of structural and stratigraphic reservoir compartments. These seismic characterization tools are integrated with geological and engineering studies. Improved completion efficiency is being tested with short-lateral and horizontal drilling technologies. Improved completion efficiency, additional wells at closer spacing and better estimates of oil-in-place will result in additional oil production by primary and enhanced recovery processes.
Improved reservoir characterization utilizing

Executive Summary
A seismically targeted vertical well was successfully completed in the Red River D zone in Bowman Co., ND. Interpretations of amplitude for porosity and structural position were used to target the drilling location.
Re-entry drilling of lateral drain holes in the Ratcliffe with slim-tool technology was attempted during the fourth quarter in two wells in Richland Co., MT. One attempt was mechanically successful and the other was not. Production evaluation is in progress.
surface was performed at two locations in the Red River area of Bowman Co., ND and Harding Co., SD. These wells were drilled on subsurface structures where there has been production for more than 15 years. The Bowman Co. well was mechanically successll but has not yielded encouraging oil production from the Red River B. Operations at the Harding Co. well were suspended after unsuccessful efforts to recover stuck drill pipe in the lateral section. The Harding county well was to be used for a water-injection test through a 1200 m (4000 ft) lateral in the Red River B.
Operations for horizontal drilling from
Summary of Technical Progress
Ratcliffe Re-Entry Lateral Completions Two wells in the North Sioux Pass Field were selected for re-entry lateral completion in the Ratcliffe. These wells are the No. 2-16 State and M-17 Trudell (Fig. 1) . The laterals were to be drilled out from 14 cm (5-1/2 inch) casing with steered-motor technology with planned extensions of 6 10 m (2000 fi). The planned orientation of the laterals were to be normal to the fracture orientation observed from the 1-17R Federal core and FMI log data (Fig. 2 Drilling operations were completed at the B-27 State-Muslow well in Bowman Co., ND (Fig. 3). The vertical well was targeted from a 3D seismic survey over Cold Turkey Creek Field. Results from the well are encouraging. Commercial porosity was developed in the Red River B and D zones.
Contiguous cores were cut across the entire upper Red River section from 2847 to 2905 m (9340-9530 ft). These cores covered all four porosity benches (A, B, C and D zones) in the Red River (Fig. 4) . Sonic and density logs were obtained for further synthetic-seismogram study and evaluation of the 3D seismic survey. Luff Exploration Company participated in drilling a horizontal completion in the Red River B zone reservoir at State Line Field, Bowman Co., ND (Fig. 5) . The objective of the well was to exploit additional primary reserves by overcoming poor drainage caused by heterogeneity. The No. 1-26H Greni well is the fourth well on a small Red River feature that has produced over 143,090 m3 (900,000 bbl) of oil from B and D zones of the Red River since 1973.
The well was drilled on the west side of the structure and encountered the Red River B at a subsea datum which was 20 m (67 ft) low to the most updip well. A lateral reach of 846 m (2775 ft) was drilled in the Red River B. The vertical portion of the hole was drilled with 22.2 cm (8-3/4 in) bit using an invert mud system. The lateral portion of the hole was drilled in less than four days with a 15.6 cm (6-1/8 in) bit using a freshwater mud system. A MWD gamma ray was run throughout both the build and lateral sections.
The well has been producing from the openhole lateral section in the Red River B zone since October 1996. Production has been disappointing at 2 m3 oil and 52 m3per day (10 bopd and 330 bwpd). The drilling of the No. 1-26H Greni appears to have resulted in a mechanical success but a failure with regard to reservoir development. The relatively low structural position to offset production and poor oil cut indicate completion of the lateral below an oil-water contact. Results from this well indicate that commercial oil saturation in Red River B zone is not ubiquitous and that understanding trapping (either structural or stratigraphic) is important (at least in this immediate area) for placement of horizontal wells in the Red River B horizontal play. Harding Co., SD The M-20H Steams was spudded on November 15, 1996. The well was drilled with the objective of evaluating water injection through a horizontal open-hole completion in the Red River B zone. Dnlling operations were suspended after 50 days when efforts to retrieve stuck drill pipe in the lateral section were unsuccessful.
Drilling plans called for a vertical pilot hole with a drillstem test of Red River B porosity to establish structural, pressure and fluid relationships with nearby producing wells before plugging back to the Interlake to kick-off the build section. A lateral reach of 1219 m (4000 ft) was planned which was to traverse between two producing wells in the Red River B zone (Fig. 6) .
Total depth of the 22.2-cm (8-3/4 in) vertical hole was reached at 2755 m (9040 ft) in the Red River after 22 drilling days. Electrical logs were run and a drillstem test was run across the Red River B zone. The hole was then plugged back to the Interlake at 2467 m (8094 ft). The plug was dressed to 2536 m (8321 ft) prior to beginning drilling operations for the build section. Drilling of the build section required 8 days and 17.8-cm (7-in) casing was set at 275 1 m (9025 ft), 2664 m true vertical depth (8741 ft). The lateral section was drilled with a 15.6-cm (6-1/8 in) bit and fresh water for drilling fluid. After 11 hr of drilling the lateral section, the drill pipe became stuck. The lateral reach from the 17.8-cm ( 7 4 casing was 309 m (1015 ft). Fishing efforts were unsuccessful.
The DST in the Red River B zone indicated oil and depleted reservoir pressure of 7529 kPa (1092 psig). Reservoir pressure of 7584 kPa (1 100 psig) was determined by fluid build-up at an offset well in June 1996. Electrical logs indicate 3 .O m ( 10 ft) of net pay in the Red River B zone with maximum porosity of 27 percent. These data c o n f i i previous data analysis and characterization of the B zone reservoir. The reservoir assumptions for the planned waterinjection test are concluded to be valid.
Current plans are to put the well on pump with the drill pipe still in the hole. It is hoped that this will remove blockage and allow eventual removal of the stuck drill pipe. If fluid entry rate after 30 to 60 days is encouraging, plans are to initiate the water-injectivity test.
Ratcliffe Geophysical
Interpretation of 3D seismic data at North Sioux Pass, Richland Co., MT are in progress for the Ratcliffe. The 3D seismic survey covers approximately 38 sq km (15 sq miles) in T.26N, R58E. (Fig. 1) .
Red River Geophysical
Interpretation of 3D seismic at Cold Turkey Creek and Grand River School continues. Attribute studies in the Red River have been augmented from sonic and density log data collected from the B-27 Muslow-State well at Cold Turkey Creek (Fig. 3) .
Summary and Conclusions
Field demonstrations are in progress to collect data for evaluation of horizontal completions in both the Red River and Ratcliffe. It has been found that slim-tool technology from cased holes for re-entry drilling of horizontal drain holes is still developmental. Building the correct curve and azimuth is not easily done on the f i s t attempt. A vertical well in the Red River tested attribute analysis of 3D seismic data for prediction of porosity development. Plans for a waterinjectivity test in a new horizontal completion in the Red River B zone at Buffalo Field have been postponed because drill pipe became stuck during drilling operations. Remedial options for the well are being analyzed. Interpretation of 3D seismic continue for both the Ratcliffe and Red River. 
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